Abstract The incidence of acute kidney injury (AKI) rises with age and is associated with multiple risk factors. Here, we compared the risk factors for AKI between younger and older incident diabetic patients to examine the trends in risk alteration for individual factors across different age groups. Between 2007 and 2013, we selected all incident type 2 diabetic adults from the Taiwan National Health Insurance registry, stratified based on age: young (< 65 years), old (≥ 65 but < 75 years), and older-old (≥ 75 years). All factors with potential renal influence (e.g., comorbidities, medications, and diagnostics/procedures) were recorded during the study period, with a nested case-controlled approach utilized to identify independent risk factors for AKI in each age group. Totally, 930,709 type 2 diabetic patients were categorized as young (68.7%), old (17.7%), or older-old (13.6%). Older-old patients showed a significantly higher incidence of AKI than the old and the young groups. Cardiovascular morbidities (hypertension, atrial fibrillation, acute coronary syndrome, and cerebrovascular disease) were shown to increase the risk of AKI, although the risk declined with increasing age. Chronic obstructive pulmonary disease and receiving cardiac catheterization elevated the risk of AKI preferentially in the older-old/old and older-old group, respectively, while the administration of angiotensin-converting enzyme/α-blocker and angiotensin receptor blocker/calcium channel blocker reduced the risk of AKI preferentially in the older-old and older-old/old group, respectively. In conclusion, GeroScience (2018) our findings highlight the importance of devising agespecific risk factor panels for AKI in patients with recently diagnosed type 2 diabetes.
Introduction
Age-related changes confer susceptibility to environmental pressures for almost all physiological systems of our body. Renal aging encompasses a wide range of physiological and structural changes, including a reduction in nephron number and size, glomerulosclerosis, tubulointerstitial fibrosis, and microvascular insufficiency (O'Sullivan et al. 2017) . A chronological increase in age is strongly correlated with a decline in measured glomerular filtration rate (GFR). The association can be quite significant, although there are still examples of healthy elderly maintaining measured GFRs equivalent to those of young persons. Despite the finding that agerelated histological changes have not been shown to consistently correlate with either a reduction in GFR or albuminuria (Rule et al. 2010; Rule et al. 2011) , patients of advanced age are still at a higher risk of developing incident chronic kidney disease (CKD), acute kidney injury (AKI), and adverse renal outcomes (Kaze et al. 2016; Andò et al., 2013; Chao et al. 2012a) .
The incidence of AKI rises steadily with aging. Data from the United States Renal Data System survey showed that the incidence of AKI increased progressively from 19.1 episodes per 1000 patient-years among participants aged 66-69 years, to 26.7, 40.2, 57.8, and 89 .7 episodes per 1000 patient-years among those aged 70-74 years, 75-79 years, 80-84 years, and ≥ 85 years, respectively (USRDS Annual Report, 2017). Apart from age, there are a number of other risk factors associated with AKI, including medical settings (i.e., hospitalization and intensive care), acute illnesses and interventions (i.e., major surgeries, sepsis, and cardiac procedures), comorbidities or their aggregates, proteinuria, and exposure to nephrotoxins (Rewa and Bagshaw 2014) . Existing studies suggest that risk factors for AKI often interact with each other, and that certain factors can modify the relationship between others and AKI, particularly those with diabetes mellitus (DM). In a meta-analysis, James et al. discovered that DM accentuated the risk for AKI for patients irrespective of their baseline estimated GFR levels, while hypertension raised the risk, but only for those with higher estimated GFR (James et al. 2015) . Based upon the influence of age on the incidence of AKI, it is highly likely that age might also interact with other risk factors for AKI. Indeed, Grams et al. found that the association between older age and increased risk for AKI was attenuated in those with more advanced CKD . We also identified that criteria for stratification of prognosis behaved differently between patients of very advanced age (≥ 76 years) and those of 65-76 years (Chao et al. 2012a ). In addition, geriatric syndromes, which are rarely detected in younger patients, predispose the elderly to developing AKI. For example, we previously discovered that functional impairment was significantly associated with higher AKI risk, while polypharmacy also raised the risk of AKI by 2.5 fold among affected elderly (Chao et al. 2015a; Chao et al. 2015b) . Urinary incontinence may also predispose older adults to urinary tract infection and urosepsis, which is also a recognized risk factor for AKI (Hermandez Hermandez et al., 2013) . The above findings lend strong support to our proposition that age represents an under-recognized modifier for the spectrum of AKI risk factors.
We hypothesized that the spectrum of risk factors for AKI found in the general diabetic population would differ from those in the diabetic elderly, an underrecognized reason for the rising incidences of AKI among older diabetic adults. We evaluated risk factor profiles in diabetic patients, a population exhibiting high risk for AKI, of different age groups and compared the results between young and old patients. Furthermore, we attempted to examine the way in which individual risk factors changed across different age groups to identify whether age modifies the relationship between each risk factor and AKI. Judging from the multitude of known risk factors for AKI, and the necessity for including a large number of cases, we aimed to test this hypothesis using a large, well-validated, healthcare registry, the Taiwan National Health Insurance (NHI) database.
Methods

Ethical approval
The protocol for this study was approved by the ethics c o m m i t t e e o f N a t i o n a l Ta i w a n U n i v e r s i t y (NO.201503028W). The committee waivered the need for informed consent from the participants due to the anonymous nature of the dataset.
Data sources and study population Study participants were identified from the NHI research database, a comprehensive reimbursementbased registry maintained by the Bureau of NHI in Taiwan, which covers nearly all Taiwanese citizens. All of the health services (medications and surgeries/ procedures) received by NHI-covered patients, including outpatient, inpatient, and emergency care, are documented meticulously in an electronic registry (Chao et al. 2012b; Chao et al. 2014; Chao et al. 2017) .
We selected all adults (aged ≥ 20 years) with incident DM in Taiwan between 2007 and 2013 from the registry who had at being hospitalized at least once or had attended two outpatient clinic visits for DM, based on International Classification of Diseases 9th revision-Clinical Modification [ICD-9-CM] codes 250.x. Patients were excluded from the study if they had incomplete demographic data, type 1 DM (codes 250.01, 250.03, 250.11, 250.13, 250.21, 250.23, 250.31, 250.33, 250.41, 250.43, 250.51, 250.53, 250.61, 250.63, 250.71, 250.73, 250.81, 250.83, 250.91, 250.93) , DM that pre-existed before 2008 (1 year for verifying the diagnosis and reassuring that participants had recently diagnosed DM) or was recognized after 2013/06/30 (to allow an adequate length of follow-up for AKI event), according to our previous study (Chao et al. 2017) , and if they had been diagnosed with preenrolment end-stage renal disease (ICD-9-CM code 585 concurrently with the presence of dialysis procedure codes for more than 3 months) (Fig. 1) . Patients with prevalent type 2 DM during the study period were excluded due to the reason that the their severity of DM and its complications can vary widely based on their durations of DM, potentially introducing confounding effect on the risk estimation of AKI.
Definitions for events of interest
The event of interest in this study was hospitalization for AKI, which was further divided into AKI and dialysisrequiring AKI (Chao et al. 2012b; Chao et al. 2017) . In this study, we identified incident diabetic participants Fig. 1 Study algorithm for identifying diabetic patients with and without acute kidney injury (AKI) in different age groups. Incidence density matching of these groups were based on age, sex, and the date of DM diagnosis. DM, diabetes mellitus; NHI, National Health Insurance; T1DM, type 1 diabetes mellitus with any incidence of hospitalization containing the diagnosis codes of ICD-9-CM 584.x. Dialysisrequiring AKI was defined as any hospitalization with a diagnosis of AKI upon admission accompanied by the presence of in-hospital procedure codes for dialysis. In Taiwan, the diagnosis of AKI and dialysis-requiring AKI is frequently based on laboratory criteria (defined as an increase of serum creatinine higher than 0.5 mg/dL from one's baseline levels), and the accuracy of AKI codes has been validated in multiple prospectively enrolled cohorts KDIGO group. 2012 ). During most clinical practice, the baseline serum creatinine value is usually designated as that obtained before the index hospitalization, which has been adopted widely as a standard for defining baseline renal function among studies evaluating AKI (Siew et al. 2010) . We identified AKI episodes systemically from the registry if they occurred between the date of an individual's DM diagnosis (any time between 2008/01/01 and 2013/06/ 30) and the end of follow-up (2013/12/31). A criterion that the date of AKI occurrence should be after that of DM diagnosis was set to ensure that our outcome of interest occurred after incident DM.
Definitions of comorbidities, use of medication, and interventions that could potentially influence the risk of developing AKI We based our selection of risk factors upon previous studies (Rewa and Bagshaw 2014; Chao et al. 2017; Malhotra et al. 2017; Leblanc et al. 2015; Toprak, 2007) , and our final analysis included comorbidities, medications, and diagnostics/procedures. Comorbidity profiles for the study population, including hypertension, hyperlipidemia, chronic liver disease (CLD), atrial fibrillation, chronic obstructive pulmonary disease (COPD), acute coronary syndrome (ACS), cerebrovascular disease, malignancy, parkinsonism, CKD, advanced CKD (if CKD patients were receiving erythropoietin concurrently, indicating stage 5 CKD status ), past experiences of AKI, peripheral vascular disease (PVD), and benign prostatic hyperplasia, were ascertained before the date of DM diagnosis. Recognition of each comorbidity was confirmed if the participant received their diagnosis during at least two outpatient clinics, or during at least one hospital admission prior to the date of DM diagnosis (the index date) (Chao et al. 2017) . A complete list of ICD-9-CM codes used for extracting comorbidities could be retrieved from our work published previously (Chao et al. 2017) .
We also collected the histories of any participants receiving specific diagnostics/procedures, including computed tomography of any sites (with or without contrast), cardiac catheterization, angiography of any sites, cystoscopy, and transurethral resection of the prostate, between the index date (DM diagnosis) and the occurrence of AKI (Chao et al. 2017) . Similarly, we reviewed the prescription records of all medications, including the duration of use for each prescription, between the date of DM diagnosis and that of AKI occurrence (for cases) or matching date (for controls). Those who received each medication for at least 30 consecutive days within the designated study period were categorized as medications users.
Statistical analysis
We first classified the participants by their age on the index date into three groups: young (< 65 years), old (≥ 65 but <75 years) and older-old (≥ 75 years); this age classification was based upon our previous study (Chao et al. 2012a) . We then conducted a nested casecontrolled study to investigate independent risk factors for developing AKI, using an incidence density sampling approach, which matched each case of AKI to a control who was at risk for AKI at the time of case occurrence. Propensity-score matching was not used, since we aimed to examine the influence of all potential risk factors within this study cohort but not neutralize some of them. We first examined baseline characteristics, including age, sex, residential locations (rural vs. urban), risk-modifying interventions, comorbidities, and medications among participants from different age groups at the time of AKI occurrence (for cases) or matching date (for controls). The clinical characteristics listed above were compared using the chi-square test or the Student's t test, as appropriate. We mitigated potential selection bias between the case (AKI) and control groups using one-to-one matching strategy by age (± 1 year), sex, and the date of DM diagnosis (± 90 days) across the three age groups (Richardson 2004) . Within each age group, univariate analyses were performed to identify those with significant differences (p < 0.05) between the cases and controls, followed by a conditional multivariate logistic regression to estimate the odds ratios (ORs), and the 95% confidence intervals (CIs), of each significant variable identified by the univariate analyses (Chao et al. 2012c ). C-statistics were used to estimate model validity.
All statistical tests were two-sided and P values < 0.05 were considered statistically significant. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
A total of 2,036,531 patients with type 2 DM were identified between 2007 and 2013. After applying our exclusion criteria, we enrolled 930,709 diabetic patients for the final study, categorized as young (n = 639,722; 68.7%), old (n = 164,643; 17.7%), and older-old (n = 126,344; 13.6%) (Fig. 1) . The clinical features of our participants are shown in Table 1 . Older-old patients were significantly more likely to be female (p < 0.01), more likely to have the most comorbidities recorded (all p < 0.01) (except hyperlipidemia and CLD), and were less likely to live in urban areas (p < 0.01), than either the old or young participants. Older-old patients were also more likely to receive diagnostics/procedures with nephrotoxic potential (all p < 0.01).
Following the diagnosis of DM, older-old patients showed a significantly higher incidence of AKI (25.5 episodes/1000 person-years) compared to the old patients (9.1 episodes/1000 person-years) and the young patients (4.4 episodes/1000 person-years). Similarly, older-old patients had a significantly higher incidence of dialysis-requiring AKI (4.4 episodes/1000 personyears) compared to the old patients (1.9 episodes/1000 person-years) and young patients (1.0 episodes/1000 person-years), lending support to the notion that aging increases the susceptibility of developing AKI.
Next, we determined the potential risk factors for AKI among patients from the three age groups, using a case-control approach. In total, 9268, 4910, and 8894 patients with AKI were selected from the young, old, and older-old groups, respectively; these were matched 1:1 to a non-AKI control from their age group (Fig. 1) . Univariate analyses in young, old, and older-old patients with and without AKI are shown in supplementary Tables 1, 2, and 3. Conditional regression analyses disclosed that young patients with hypertension, CLD, atrial fibrillation, ACS, cerebrovascular disease, malignancy, Parkinsonism, CKD, advanced CKD, past AKI, and PVD, receiving computed tomography, using atypical anti-psychotics, insulin, sulfonylurea, and meglitinide, had a significantly higher risk of developing AKI than those without, while those with hyperlipidemia, receiving cystoscopy, using aspirin, β-blockers, statin, fibrate, biguanide, and dipeptidyl peptidase 4-inhibitor (DPP4i) had a significantly lower risk of developing AKI than those without (Table 2) . Among old patients, those with hypertension, atrial fibrillation, COPD, ACS, cerebrovascular disease, malignancy, CKD, past AKI, PVD, using insulin, sulfonylurea, and meglitinide had a significantly higher risk of developing AKI than those without, while those with hyperlipidemia, receiving cystoscopy, using aspirin, β-blocker, angiotensin receptor blocker (ARB), statins, fibrate, calcium channel blockers (CCBs), biguanide, and DPP4i had a significantly lower risk of developing AKI than those without (Table 3) . Finally, older-old patients with hypertension, atrial fibrillation, COPD, ACS, cerebrovascular disease, malignancy, CKD, advanced CKD, past AKI, receiving cardiac catheterization, using insulin, and sulfonylurea had a significantly higher risk of developing AKI than those without, while those with hyperlipidemia, using aspirin, β-blockers, angiotensinconverting enzyme inhibitor (ACEI), ARB, statins, fibrate, CCBs, α-blocker, biguanide, and DPP4i had a significantly lower risk of developing AKI than those without (Table 4 ). The areas under receiver-operatingcurve (AUC) for analyses of young, old, and older-old group were 0.805, 0.775, and 0.723, respectively.
It is interesting to find that a common panel of risk factors (hypertension, atrial fibrillation, ACS, cerebrovascular disease, malignancy, CKD, past AKI, insulin use) were consistently associated with a higher risk of AKI among type 2 diabetic patients, while aspirin, β-blocker, statin, fibrate, biguanide, sulfonylurea, and DPP4 inhibitor use correlated with a lower risk. A summary of differential risk factors across patients of increasing age is shown in Fig. 2 . Furthermore, we identified that the risk of AKI declined successively with increasing age, regarding multiple variables (Fig. 3) .
Sensitivity analyses were done to affirm the validity of our findings. First, we combined the three age groups into one and analyzed the relationship between age and the risk of AKI among all participants with incident diabetes, using a similar case-control design. After matching for gender, we found that increasing age was still significantly associated with a higher risk of developing AKI among incident type 2 diabetic patients (n = 23,071), independent of other covariates (OR 1.19 per 1 year increase, 95% CI 1.13-1.25; p < 0.001). In addition, we intended to address whether similar findings could occur among those with prevalent type 2 DM, by analyzing those excluded during the first step in our study flowchart (Fig. 1) ; that is, those who already had a diagnosis of diabetes between 2007 and 2008, or the prevalent diabetic cases. A total of 25,784, 22,884, and 22,306 prevalent diabetic patients were identified from this database and enrolled into the young, old, and the older-old groups, respectively. After matching for age and gender, the results of the conditional logistic regression analyses were provided in supplementary Tables 4, 5, and 6. We found that among the three groups of participants with prevalent diabetes, the age-dependent attenuations in the magnitude of the risk of AKI were still present (Fig. 4) . Similarly, multiple risk factors were still present among certain age groups of prevalent diabetic patients but not the others; for example, the use of calcium channel blockers were associated with a lower risk of AKI among the old and the older-old groups but not the young one. α-blocker or ACEI use was associated with a lower risk of AKI only in the old group but not the young, while meglitinide use was associated with a higher risk of AKI among the young and the old but the older-old group. However, there are also differences between the risk factor profiles for AKI between prevalent and incident diabetic cases. ß-blocker and clopidogrel use was Chronic medication use associated with an increased risk for AKI among young patients with prevalent diabetes, while their use was associated with a decreased risk among young patients with incident diabetes (Table 2 and supplementary  Table 4 ).
Discussion
In the current study, we assembled a nationwide cohort of diabetic patients from different age groups and evaluated their risk factor profiles for administrative codeidentified AKI. We discovered that comorbidities, interventions, and the use of certain medications (listed in Fig. 2 ) influenced the risk of AKI in diabetic patients of certain age groups but not others. These findings highlight the importance of incorporating age into AKI risk estimation and elucidate the interactions between age and a range of risk factors for AKI. Several cardiovascular morbidities consistently increased the risk of developing AKI (Tables 2, 3 , and 4), and this association has been reported among different populations with a similar degree of risk elevation (Yi et al. 2016; Mesropian et al. 2016; Madhavan et al. 2014) , lending support to the validity of our findings. In addition, the phenomenon that the risk of adverse ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; CI, confidence interval; CKD, chronic kidney disease; DPP4, dipeptidyl peptidase 4; OR, odds ratio outcome declined successively with increasing age has been reported anecdotally, but not for the prediction of risk for AKI; Iso et al. reported that the risk of mortality among smokers conferred by cerebrovascular disease and ACS was more evident among younger patients than among older ones (Iso et al. 2005 ). There are Fig. 2 A diagram illustrating discrepancies in risk factors for acute kidney injury (AKI) between incident diabetic patients of different age groups. The solid black box represents a significant increase in the risk for AKI, while the dashed black box represents a significant reduction in risk. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; COPD, chronic obstructive pulmonary disease; CT, computed tomography; PVD, peripheral vascular disease Fig. 3 The trend of risk estimates for acute kidney injury from individual factors listed in Tables 2, 3 , and 4, among incident diabetic patients with different age groups. Convergence of risk toward neutrality was noted for all the risk factors among older participants. ACS, acute coronary syndrome; AKI, acute kidney injury; CeVD, cerebrovascular disease; CKD, chronic kidney disease several plausible reasons for these observations. Firstly, elderly patients tend to have a significantly higher risk of mortality compared to younger ones, and a competing risk between AKI and mortality in the old and older-old groups might weaken the ORs of individual risk factor for AKI. In addition, patients of advanced age frequently exhibit functional decline and are at an increased risk of developing geriatric syndromes including frailty, polypharmacy, and malnutrition (Chao et al. 2015a; Chao et al. 2015b ), all of which potentially dilute the risk posed by traditional risk factors. Finally, a distinct pattern of risk factor interplay might exist in the old and older-old groups, resulting in an alteration in the risk of AKI. We believe that subsequent studies aiming to estimate the risk of AKI should obtain age-specific criteria to improve result accuracy. Existing studies have identified a higher incidence of AKI among COPD patients with or without acute exacerbation (Barakat et al. 2015) , through inducing chronic hypoxemia, hypercapnia, and low grade inflammation, leading to the reduction in renal blood flow and GFR, predisposing them to AKI (Husain-Syed et al. 2016; Domenech et al. 2017 ). This pathophysiological association is expected to worsen in older-old patients since they have a higher prevalence of CKD, other concurrent pulmonary pathologies, and far greater deterioration in respiratory mechanisms than their younger counterparts (Yoshikawa et al. 2017) . Older-old patients are less likely to be offered mechanical cardiopulmonary support during the peri-catheterization period than younger patients due to the concern of medical futility; these differences in medical decision-making can potentially lead to a higher risk of AKI among older patients (Prondzinsky et al. 2010; Flaherty et al. 2017; Swetz et al. 2013) .
Multiple anti-hypertensive agents showed favorable effects upon the risk of AKI only in the old or older-old patients. Existing literature appears to be controversial in terms of the influences of ACEI/ARB upon AKI (Shah et al. 2014; Arora et al. 2008; Friedl et al. 2012; Whiting et al. 2017) . Elderly who stay on ACEI/ARB have more stable serum creatinine and may derive more benefit from blood pressure control. Despite the abundance of reports addressing ACEI/ARB and AKI risk, very few evaluate the relationship between AKI risk and either CCB or α-blockers. Clinical and experimental studies suggested that the use of CCB and α-blockers might be associated with a lower AKI risk (Passaroni et al. 2010; Fujii et al. 2007) . In light of the multitude of anti-hypertensive agents exhibiting AKI-reduction Tables 2, 3 , and 4, among prevalent diabetic patients with different age groups. Convergence of risk toward neutrality was noted for all the risk factors among older participants. ACS, acute coronary syndrome; AKI, acute kidney injury; CeVD, cerebrovascular disease; CKD, chronic kidney disease effect in patients of advanced age (Fig. 2) , we propose that these medications work through a common mechanism involving blood pressure (BP) reduction and the amelioration of CKD progression, instead of a classspecific effect against AKI. Indeed, an earlier metaanalysis discovered that among diabetic patients, the use of anti-hypertensive agents could reduce the risk of renal decline if their baseline BP was greater than 150 mmHg; furthermore, older adults were more commonly affected due to arterial stiffness (Brunström et al. 2016) . In the present study, the prevalence of hypertension was higher in older-old and old patients than young ones (Table 1) , providing support for this hypothesis. Alternatively, the target BP can differ between the three age groups, and clinicians often opt for a less stringent goal for those of advanced age, leading to a lower likelihood of hypotension-related AKI. Since we did not have data regarding BP goals or hypertensive severity, it might be prudent to select anti-hypertensive medications that we identified with favorable renal effects among the older-old or old patients, with the target BP set appropriately based on the best available evidence. Finally, certain drugs are frequently avoided in patients with past AKI or CKD, and physically fit patients are more likely to receive these medications (ex. ACEI/ARB). This is to be remembered when interpreting our results.
CLD, including hepatitis and cirrhosis, has been reported by many researchers as a significant predictor of AKI Lacave et al. 2017) . Age itself is an important risk factor for mortality among cirrhotic patients (Das et al. 2010) , and the crosssectional sampling approach in our study would retrieve fewer elderly patients with liver disease (Table 1) . The absence of an association between CLD and AKI risk in the old and older-old groups may have arisen from the lower prevalence of CLD in these two groups than in young patients. On the contrary, Parkinsonism, receiving computed tomography, and atypical anti-psychotics use did not increase AKI in the older-old group. Patients with Parkinsonism receiving deep brain stimulation were at higher risk of AKI, and those with young-onset Parkinsonism and few comorbidities are more likely surgical candidates (Guimarães et al. 2010; Pollak 2013) . This may partially explain the preferential existence of Parkinsonism-AKI relationship in young patients. Although computed tomography was less commonly arranged in young patients, we found that they were more likely to receive contrast-enhanced examinations than the old and older-old patients, since most physicians were aware that increasing age predisposes patients to contrast-induced nephropathy, leading to a higher risk of AKI in the young. Atypical anti-psychotics were recently found to elevate the risk of AKI in Western countries (Hwang et al. 2014; Jiang et al. 2017) . Ethnic differences in study population, a relatively low prevalence of benign prostatic hyperplasia in the old and the older-old group (Table 1) , or a difference in the severity of treatment-related hypotension (Hwang et al. 2014 ) may all be potential reasons to explain our findings.
Several reasons might be responsible for the discrepancy of risk factors between incident and prevalent cases. We propose that prevalent cases may have a longer period of diabetes, and likely more severe vascular morbidities. The use of ß-blocker and clopidogrel in these patients might be a surrogate for the severity of their vascular morbidity; thus their use significantly correlated with a higher risk of AKI in prevalent diabetic cases but not incident ones.
Several oral anti-diabetic agents exhibit protective effect against AKI among diabetic patients, especially metformin. Bell et al., through analyzing electronic health records from Scotland, found that current metformin use was not associated with an increased risk of AKI among diabetic patients, but was associated with a better survival among those with AKI (Bell et al. 2017) . Similar findings can be found in studies addressing the renal influence of metformin in patients after percutaneous coronary intervention (Zeller et al. 2016) . Experiments on renal tubular epithelia and animals showed that metformin mitigated tubular apoptosis and the severity of AKI through the induction of AMPK phosphorylation , and a call for trials to affirm this renoprotective effect has been proposed (De Broe et al. 2017 ). However, a retrospective population-based study reported that metformin use was associated with a 53% higher risk of acute dialysis than those receiving sulphonylurea (Carlson et al. 2016) , rendering the relationship between metformin and AKI controversial. In this study, we found that metformin use was consistently associated with 20-40% lower risk of developing AKI among incident type 2 diabetic patients (Tables 2, 3 , and 4) than non-users, favoring a positive effect of metformin on renal outcomes. Further evidence is needed before we can make a conclusion on this issue.
Limitations
To our knowledge, this is the first population-based study to investigate the differential risk factor profiles for AKI among incident diabetic patients of different age groups. Population-based cohort studies, performed in a real-world setting such as ours, are well-suited for addressing the interactions between a wide spectrum of potential risk factors due to their larger sample size and the possibility of evaluating the influence of uncommon factors. The definitions used herein for the event of interest (AKI), and the panels of risk factors investigated, have all been validated previously (Chao et al. 2017; Wu et al. 2014 ) with a reasonable consistency. Nonetheless, multiple limitations do apply. Observational studies tend to be confounded by unrecognized features that vary between age groups, although we believe that some of these features can be balanced toward neutrality if the number of cases can be augmented. The lack of laboratory data (e.g., serum creatinine levels) in the current study also made it difficult to ascertain the severity and courses of AKI. We tightened the definition of Bmedication users; to those who took the same medications for 30 days continuously, an approach that increased specificity. Finally, due to the limitation of our data source, we could only focus on diabetic participants during the given study period, although we did recruit all diabetic participants in this country without random sampling.
In conclusion, risk factors for AKI in diabetic patients differ between age groups, with some factors only exhibiting influence on young patients and others exerting their effects predominantly in old and older-old patients. Subsequent studies on AKI should focus on developing age-specific categorization to better select the appropriate patients for instituting preventive measures.
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